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ABSTRACT
The novel SARS-CoV-2 Omicron variant may increase the risk of re-infection and vaccine breakthrough infections as it
possesses key mutations in the spike protein that affect neutralizing antibody response. Most studies on neutralization
susceptibility were conducted using specimens from adult COVID-19 patients or vaccine recipients. However, since the
paediatric population has an antibody response to SARS-CoV-2 infection that is distinct from the adult population, it is
critical to assess the neutralization susceptibility of pediatric serum specimens. This study compared the neutralization
susceptibility of serum specimens collected from 49 individuals of <18 years old, including 34 adolescent BNT162b2
(Pfizer-BioNTech) vaccine recipients, and 15 recovered COVID-19 patients aged between 2 and 17. We demonstrated
that only 38.2% of BNT162b2 vaccine recipients and 26.7% of recovered COVID-19 patients had their serum
neutralization titre at or above the detection threshold in our live virus microneutralization assay. Furthermore, the
neutralizing antibody titer against the Omicron variant was substantially lower than those against the ancestral virus or
the Beta variant. Our results suggest that vaccine recipients and COVID-19 patients in the pediatric age group will likely
be more susceptible to vaccine breakthrough infections or reinfections due to the Omicron variant than previous variants.
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Introduction

Although COVID-19 infections among children are
generally milder than those seen in adults, severe com-
plications, such as the multisystem inflammatory syn-
drome in children (MIS-C), and long-term sequelae,
such as the “long COVID,” have been described [1–5].
Transmission from children to their adult household
members has been shown to result in their hospitaliz-
ation [6]. Furthermore, the COVID-19 pandemic also
negatively impacted the psychosocial wellbeing of chil-
dren and their families, particularly those with special
education needs and lower socio-economical status [7].

COVID-19 vaccines are very effective, especially
against severe diseases. These vaccines are largely
safe in children [8,9], and are effective in reducing
the transmission and complications against infection
from the SARS-CoV-2 variants of concern (VOC),
such as the Alpha, Beta, and Delta variants [10,11].
Recently, a new VOC, B.1.1.529, was identified in
Botswana and South Africa in early November 2021
and was designated as the Omicron variant by the
World Health Organization soon afterwards. The
Omicron variant exhibits higher transmissibility
when compared with the Delta variant [12]. Several
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studies, including our own study, have recently shown
that serum specimens collected from vaccine recipients
failed to neutralize the Omicron variant [13,14]. How-
ever, antibody response in children is distinct from
those of adults [15]. Pediatric patients with prior
COVID-19 infection had reduced neutralizing anti-
body response when compared with adults [15,16],
whereas adolescents have a more robust neutralizing
antibody response than adults in clinical trials of
BNT162b2 and Coronavac [17,18]. Hence, it is critical
to specifically assess whether the immune sera from
children can neutralize the Omicron variant. This
study aimed to determine the susceptibility of the Omi-
cron variant to serum antibodies from children who
recovered from COVID-19 infection or those who
have received two doses of the BNT162b2 vaccines.

Methods

Patient recruitment

The COVID-19 vaccine recipient cohort consisted of
archived serum specimens from BNT162b2 recipients
that were collected from subjects who were suspected
or confirmed to develop myocarditis, pericarditis, or
other adverse events following two doses of the
BNT162b2 vaccines and have been previously
described [19]. Subjects who developed myocarditis
or pericarditis after the first dose of the BNT162b2
vaccine were excluded.

The recovered COVID-19 patient cohort consisted
of archived serum specimens from children who have
recovered from laboratory-confirmed COVID-19
infections and were collected in our previous study
[20]. Since our aim is to assess the fold reduction neu-
tralization antibody titer against the Omicron variant
when compared with that against the ancestral virus,
only those with a neutralization antibody titer of
≥80 against the ancestral virus were selected.

This study was approved by the Institutional
Review Board of the University of Hong Kong/Hospi-
tal Authority Hong Kong West Cluster (Reference:
UW 20-292 and UW 21-548), the Kowloon West
Cluster Research Ethics Committee [Reference: KW/
FR-20-086(148-10)], and the Hospital Authority Cen-
tral Institutional Review Board (CIRB-2021-003-4)

Live virus microneutralization (MN) assay

Live virus MN assay was performed in a biosafety level
3 facility as we described previously [13,21]. Serum
specimens were heat inactivated at 56°C for 30 min
and were serially diluted in 2-folds starting from
1:10. Duplicates of each diluted serum were mixed
with 100 TCID50 of an ancestral lineage A virus
(GISAID accession number: EPI_ISL_434571), a
Beta variant virus (GISAID accession number:

EPI_ISL_2423556), and an Omicron variant virus
(GISAID accession number EPI_ISL_7138045) for 1
hour, and the serum-virus mixture was then added
to VeroE6/TMPRSS2 cells. Cytopathic effect was
examined on day 3 after virus inoculation. The live
virus microneutralization antibody titer was deter-
mined as the highest dilution with 50% inhibition of
cytopathic effect.

Statistical analysis

Statistical analysis was performed using SPSS 26.0
(IBM SPSS Statistics) and GraphPad PRISM 9.1.1
(GraphPad Software, San Diego CA, USA). Log-trans-
formed microneutralization antibody titres against
different variants were compared using one-way
ANOVA with Tukey’s multiple comparisons test.
Log-transformed fold reduction was compared using
Wilcoxon matched-pairs signed-rank test. For the
purpose of statistical analysis, an MN titer of <10
was considered as 5. A P value of <0.05 was considered
statistically significant.

Results

This study included serum specimens from a total of
49 individuals, of whom 34 were COVID-19 vaccine
recipients, and 15 were recovered COVID-19 patients.
All COVID-19 vaccine recipients were aged 12 years
or above, because children aged 11 years or below
were not included in the recommended group for
the COVID-19 vaccine in Hong Kong SAR at the
time of writing. All have received two doses of
BNT162b2 vaccine, and the serum samples were col-
lected at a median of 26.5 days after the first dose
(range 24–87 days), and at a median of four days
after the second dose (range 3–65 days). For recovered
COVID-19 patients, their age ranged from 2.6 to 17.9
years old (Table 1). These recovered patients were first
diagnosed to have COVID-19 between November
2020 and January 2021, and their serum samples
were collected at a median of 44 days after the first lab-
oratory diagnosis (range 29–96 days). Four of these
patients were infected with the B.1.36.27 lineage. The
virus lineage information is not available for the 11
other patients, but they are likely infected with the

Table 1. Demographics and clinical information of recovered
COVID-19 patients and vaccine recipients.

Vaccine
recipients
(n = 34)

Recovered
COVID-19

patients (n = 15)
P

value

Female sex, no. (%) 6 (17.6%) 10 (66.7%) 0.002a

Median age in
years (range)

15.0 (12.7–17.9) 9.6 (2.6–17.9) 0.001b

Symptomatic, no. (%) N/A 14 (93.3%) N/A

Note: N/A, Not applicable.
aFisher’s exact test.
bMann Whitney U test.
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B.1.36.27 lineage, which was the main lineage circulat-
ing in Hong Kong during this period [22].

All recovered COVID-19 patients and vaccine reci-
pients had an MN titer of ≥10 against the ancestral
lineage A virus. Similarly, 94.1% (32/34) of vaccine
recipients and all recovered patients had MN titer of
≥10 against the Beta variant. However, only 38.2%
(13/34) and 26.7% (4/15) of vaccine recipients and
recovered patients had an MN titer of ≥10 against
the Omicron variant, respectively.

The geometric mean microneutralization antibody
titer (GMT) against the Omicron variant (Vaccine reci-
pients: 7.2 [95% CI, 6.0–8.6]; Recovered patients: 6.3
[95% CI, 5.0–8.0]) was significantly lower than those
against the ancestral virus (Vaccine recipients: 150.5
[95% CI, 109.6–206.7]; Recovered patients:127.0 [95%
CI, 96.2–167.7]) or the Beta variant (Vaccine recipients:
49.05 [95% CI, 33.6–71.7]; Recovered patients: 41.9
[95% CI, 28.2–62.3]) for both vaccine recipients and
recovered COVID-19 patients (Figure 1). Relative to
the ancestral lineage A virus, there was a significantly
greater fold reduction for Omicron variant than those
for the Beta variant for both vaccine recipients and
recovered patients (P < 0.0001) (Figure 2). However,
there was no statistically significant difference in the
fold reduction between vaccine recipients and recov-
ered patients for both Beta and Omicron variants.

For the vaccine recipient cohort, we also assessed
whether the differences between the ancestral virus
and the variants were maintained in the long-term.
Late serum specimens were available for 21 vaccine reci-
pients, which were collected at a median of 65 days after

the first dose (range 36–146 days) and at a median of 44
days after the second dose (range 15–124 days). While
there was a decline in antibody titer against the ancestral
lineage A virus, Beta variant, and Omicron variant in the
late serum specimens (Figure 1), the fold reduction of
Beta variant and Omicron variant relative to ancestral
lineage A virus was similar to those of the early serum
specimens (Figure 2).

Discussions

To date, this is the first study demonstrating a reduced
susceptibility of Omicron variant to serum antibodies
from children who recovered fromCOVID-19 infection
or those who have received two doses of the BNT162b2
vaccines. Since the Omicron variant carries several
spike mutations that are known to confer resistance to
neutralizing antibodies, many studies have been con-
ducted rapidly to assess the degree of resistance associ-
ated with this novel variant. However, these studies
were conducted either in adults, or the age group was
not specified [13,14,23–25]. Our previous study showed
that adult BNT162b2 vaccine recipients had a 36-40-
fold reduction in MN titer against the Omicron variant
[13]. However, results from the current adolescent post-
vaccination cohort showed only a 20.9 fold reduction in
GMT, or a median of 16-fold reduction. This can be
related to the difference in the quality of antibody
response between adolescents and adults. A previous
study found that antibody in the pediatric age group
are mainly targeting the S protein, while antibody
from adults target both S and N protein [15].

Figure 1. Comparison of microneutralization antibody (MN) titers between the Omicron variant and other variants or ancestral
SARS-CoV-2 virus. Vaccine recipients (early): serum specimens collected from 34 vaccine recipients at a median of four days after
the 2nd dose. Vaccine recipients (late): serum specimens collected from 21 vaccine recipients at a median of 44 days after the 2nd
dose. Open circles represent the MN titer of each serum specimen. The MN titers from the same patient were connected by the
dotted line. *** P < 0.001; **** P < 0.0001.
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Our previous paediatric study showed that the anti-
body levels in children recovered from COVID-19
infection had a half-life of 121.6 days and an estimated
duration of 7.9 months [20]. Hence, the antibody
levels of majority of the paediatric COVID-19 patients
would have dropped to a very low level, if not
undetectable, beyond 8 months after infection.
Further studies are required to determine whether
vaccination after prior COVID-19 infection in chil-
dren would provide added protection against re-infec-
tion and breakthrough infection by the Omicron
variant.

This study has several limitations. First, as many
patients had a MN titer of <10, their fold reduction
may have been underestimated. Second, this study
did not assess cross-reactive T cell immunity against
the Omicron variant. Third, since COVID-19 vaccine
was not yet recommended for children aged 11 or
younger in Hong Kong at the time of writing this
manuscript, we were not able to assess the effect of
Omicron variant in this age group. Fourth, this study
only included BNT162b2 vaccine recipients. Data is
required for other vaccine types. Finally, vaccine recipi-
ents in this cohort may have a dysregulated humoral
immune response. However, none of the patients
received immunosuppressants, such as steroids, intra-
venous immunoglobulins, or biologics [19].

Neutralization antibody titer has been shown to
correlate with vaccine effectiveness and protection
from re-infection [26,27]. Our results suggest that
the effectiveness of COVID-19 vaccines may be
reduced for the Omicron variant in the paediatric
age group. In order to achieve a better protection
against the Omicron variant, adolescents who have
received two doses of COVID-19 vaccines may require
a third dose, and recovered pediatric COVID-19

patients should receive COVID-19 vaccines. However,
since mRNA vaccines are associated with an increased
risk of myocarditis in adolescents [19,28], there must
be a careful balance between adverse events and vac-
cine effectiveness when choosing the type of vaccine
for the third dose for this age group.
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